Abstract
Results shows that the parameters like pH (6.69 to 7.74), alkalinity (7100 to 1600 mg l ), VFA alkalinity ratio (1.44 to 0.33) etc. were within the optimum range of anaerobic degradation. COD is an indicator of organic contamination and a reduction in 96% COD was observed at the end of 29 weeks of leachate recirculation. The quadric model also confirms that the most of organic and inorganic contaminants of leachate were decreased and alkalinity was increased with time. In addition to leachate treatment, a reduction of 26.3% volume of MSW was observed after completion of study.
The performance of Leachate Recirculation Bioreactor was excellent as most of organic and inorganic contaminants were decreased and pH and alkalinity were increased with time. Thus, this technology can be a good solution of MSW problems of countries like India which demands urgent attention in this direction as it treats the leachate as well as stabilize the solid waste. et.al., et al., et al., et.al., et al et al et al., et al., Solid waste generation has increased and its composition has also changed with increase in population, urbanization, modern life style and food habits. Municipal solid waste generation has shown a positive correlation with economic development on a global level.
Introduction
Solid waste disposal is a difficult task as more land is required for ultimate disposal. The conventional and principal method of MSW disposal in developing countries is open dumping and landfilling (Ponmani 2014) . The disposal of solid waste unscientifically leads to uncontrolled dispersion of leachate.
Leachate is a liquid formed when waste breaks down in the landfill and water filters through that waste. This liquid is highly toxic and can pollute land, ground water and water ways Kirmizakis Leachate in a landfill may have high concentration of organic matter, inorganic constituents like nutrients and heavy metals and microbes including disease causing agents. The leachate requires treatment to minimize the pollutants to an acceptable level prior to discharge into water course ( Aziz 2010). Because of its complex composition, it is difficult to treat in order to meet the effluent standards (Chen 2014).
Landfill leachate treatment has been given significant attention in past (Bohdziewicz ., 2001; Ahn ., 2002) . Due to high concentration of high organic matter and other pollutants, treatment of leachate is a challenging task. The biological reactions played a dominant role in the removal of pollutants ( Han 2013) . Pohland (1975) conducted one of the first experiments on leachate recirculation. Leachate recirculation is a relatively inexpensive option of treatment and disposal of leachate. The beneficial effects of leachate recirculation are degradation of waste, biogas production, organic load reduction in leachate and settlements of MSW (Reinhart and AL-Yousfi, 1996) . It is also effective in waste volume reduction rate of landfill sites (Chan 2002) . Leachate recirculation increases the moisture content in a bioreactor and provides distribution of nutrients between methanogens and solids wastes/liquids. Thus, it treats the leachate at faster pace in comparison to conventional landfill at onsite without transferring them off-site for treatment or disposal. Due to heterogeneous nature solid wastes in bioreactor, the leachate may find discrete channels to travel through. It is difficult to insure that the leachate is reacting with all the waste and is thoroughly being treated. In addition to this, other operational and design problems are at risk of environmental Strategic review and planning can play a significant role in reducing the direct and indirect impact of waste on the environment. No single technology is adequate for complete management of waste and hence, city-specific combination of technologies should be adopted for sustainable waste management (Mor 2016 (Mor ). et.al., ( 2014 .
exposure if leachate is applied to the surface and requirement of liner, leachate and gas collection and management facilities. is a good technique, if applied skillfully (Bhambulkar, 2011) .
The present research aimed to observe the effect of leachate recirculation on stabilization of municipal solid waste in cylindrical shaped anaerobic bioreactor. Quadric and regression model were used to study the behavior of operating parameters over time scale and on COD, respectively.
Five random samples consisting 7.5 kg of municipal waste each were collected from dumping site at Dhandhoor on NH-10, Hisar.Apart of properly mixed freshly collected MSW after determining moisture content was sun dried and milled and sieved through sieve size of < 2mm for estimation of physicochemical properties, following the methods of Ryan (2001) .
The Leachate Recirculation Bioreactor setup and dimensions are given in Fig. 1 . Nineteen kilograms of properly mixed MSW having 0.057 m volume was added by compaction to Leachate Recirculation Bioreactor. The water was added in the bioreactor to prepare 20 l leachate. The bioreactor and leachate collection container were sealed air tight. Leachate recirculation was done @ 28 ml min for 12 hrs daily. A 10 ml and 50 ml leachate samples were collected on daily basis for analysis of temperature, pH, electric conductivity, alkalinity and chemical oxygen demand and on weekly bases for analysis of total dissolve solids, total suspended solids, volatile suspended solids, sodium, potassium, total hardness, calcium, magnesium, chloride, sulphate, phosphate, total Kjeldahl nitrogen and volatile fatty acids, respectively and analyzed for various physico-chemical parameters following the standard methods of APHA (2012). The leachate volume was made up by adding distilled water equal to the volume of leachate samples collected and accordingly dilution factor was used for the calculations.
To capture the behavior of different variables related to operating parameters (physico-chemical properties of leachate) of the study in relation to time, different regression models such as linear, logarithmic and growth were employed to get the best fit of the model using SPSS 16 software. The data of above mentioned all physico-chemical properties of leachate collected on daily and weekly basis was converted to log scale and used for statistical analysis. Based on the results obtained, quadric model was found best fit to study the change in operating parameters over time scale. Thus the results of quadric model were used in the present study.
The regression model determines the relationship between dependent variable Y and independent variable X. The effects of operating parameters on COD were studied by regression modeling.
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Results and Discussion
Mor et al., 2016 also observed highest content (52%) of biodegradable organic fraction in MSW of Chandigarh city.
High TOC level of 48.3 mg g of MSW indicated that biodegradable organics constituted the major composition of MSW.
After treatment, the pH, EC, total organic carbon, phosphate and TKN of MSW decreased from 7.8 to 7.3, 2.8 to 2.3 mS cm , 48.3 to 27.4 mg g , 2.3 to 1.2 mg g , and 35 to 15 mg g , respectively (Table 1) . A 43% reduction in TOC was observed after the study, whereas reduction in phosphate and TKN were 48% and 57%, respectively. The initial volume of solid waste used in bioreactor for leachate preparation was 0.057 m . However, at the end of the study it was reduced to 0.042 m . To carry out the leachate recirculation study, 20 l volume of leachate was prepared from MSW in bioreactor, which decreased to 18.5 l after recirculation study due to evaporative loss. The results of change in leachate quality with time is shown in Table 2 . The minimum temperature of 9.8 C was observed in February and maximum of 35 C was observed in April. The pH ranged from 6.69 to 7.74. Initially, the pH of the reactor decreased from 7.10 to 6.69 in the 2 week of recirculation, which might be due to acidogenesis and formation of volatile fatty acids (Bohdziewicz and Kwarciak, 2008) . After that an increase in pH was observed. This increase in pH may be due to onset of methanogenic activity which results in increase in methane gas production and decrease in hydrogen, carbon dioxide and volatile fatty acid production (Murphy 1995) . When methane production was stabilized, the pH ranged between 6 to 8 (Ehrig, 1983) . During the study period leachate conductivity increased from 9.22 to 11.45 mS cm upto 9 week of leachate recirculation and then it started decreasing with time. At the end of study it was 8.46 mS cm . The TDS, TSS and VSS varied from 8560 mg l to 2780 mg l , 1170 mg l to 460 mg l and 1050 mg l to 180 mg l , respectively. The maximum reduction of TDS, TSS and VSS observed were 67%, 60% and 85%, respectively. Biodegradation of organic matter over time resulted in decrease in TDS concentration. As compared to other solids, TSS removal was lower, as TSS takes longer time to decompose and disintegrate (Sartaj ., 2010) .
The results of leachate recirculation study reflect the decreasing trend of sodium and potassium concentration during the study period. Initially hardness, calcium and magnesium values were increased and after attaining maximum, they decreased. The decrease in concentration of calcium and magnesium might be due to their precipitation to CaCO and Mg(OH) (Erses and Onay, 2003; Erses ., 2008) .
A decrease in chloride level during study period may be due to the quick anaerobic degradation of municipal solid waste in the lab scale (Sponza and Agdag, 2004) . The initial sulphate concentration in leachate sample was 331 mg l , which was reduced to 138 mg l (64% reduction) at the end of the study period. Sulphide production can cause serious operational problems in anaerobic reactor that treat waste water with high sulphide concentration (Lens ., 1998) . At the end of the study, the phosphate content was reduced to 11.52 mg l (75% reduction), which might be due to assimilation of phosphate by microorganisms. The total Kjeldahl nitrogen in leachate sample increased to maximum (1295 mg l ) on 7 week of recirculation. After attaining maximum, a gradual decrease was observed. In nitrification and denitrification process during anaerobic decomposition of organic waste, NH is converted to nitrogen gas and is lost to the atmosphere (Kuai and Verstraete, 1998; Elangovan and Sekar, 2015) .
VFA is an important parameter because of the methanogenic stage and degree of stability of anaerobic degradation process (Sponza and Agdag, 2004) . In the present study, VFA increased from 4843 to 8280 mg l . This increase in VFA concentration may be as a result of accumulation of organic acids due to hydrolysis and acidogenesis. Later, VFA showed a decreasing trend and at the end of the study a 91% reduction was observed, which might be due to onset of methanogenesis.
The alkalinity of water is a measure of its capacity to neutralize acids and is primarily due to the salts of weak acids (Quasim and Chiang, 1994) . The initial alkalinity level in leachate sample was 6400 mg l , which reduced to 1600 mg l after completion of the experiment This decrease in alkalinity might be due to dissolution and precipitation of metals carbonates (Bhambulkar, 2011) . Except for last three days, alkalinity of the bioreactor was within the optimum range of anaerobic degradation. Alkalinity greater than 2000 mg l in the bioreactor indicates optimum condition for methanogenesis (Bilgli ., 2007) .
It is essential that the reactor content provide enough buffering capacity to neutralize any eventual VFA accumulation to prevent build up of localized acid zones in the digester (Kanat ., 2006) . The degradation of protein by anaerobic treatment results in generation of alkalinity due to the reaction of ammonia with CO and water. Initially, VFA alkalinity ratio increased from 0.76 to 1.44. After that it was gradually decreased and reached to minimum of 0.33 (Fig. 2) . The VFA Alkalinity ratio was observed within the limits of optimum condition of anaerobic degradation less than 0.8 (Ehrig, 1983; Vlissidis and Zauboulis, 1993) . This clearly demonstrates that performance of the reactor was excellent as VFAalkalinity ratio approached to less than 0.8.
Chemical oxygen demand is a critical indicator of presence of biodegradable organics matter in leachate (Bhambulkar, 2011) . The COD of leachate in the bioreactor increased significantly in the beginning 12747 mg l , which might be due to hydrolysis and leaching of soluble organic and inorganic compound from solid waste into leachate. After attaining maximum, COD reduction was observed. The anaerobic decomposition of simple organic compound into methane, carbon dioxide etc. is responsible for COD reduction. A 96% reduction in COD indicates that Leachate Recirculation Bioreactor O n l i n e C o p y performance was excellent. The reason for this decrease may be the quick degradation of the solid wastes in the lab scale anaerobic reactor (Sponza and Agdag, 2004) . Similar trends of COD reduction were reported by Sanphoti (2006) and Gawalpanchi (2007) .
To capture the change in operating parameters over time, by using regression analysis, the quadric regression model was identified/selected on the basis goodness of fit criteria (R ). The estimated results of the model are presented in Table 3 . The R value of 0.691 or more and p value (significance F) close to 0 of the quadric model showed that this model was best fit.
The quadric model showed that temperature, SO , PO and COD decreased with time however, in diminishing amount. The rate of decrease in temperature, SO , PO and COD were et al., et al. Thus, leachate recirculated bioreactor is an effective, faster and good option for MSW management (Snehlata 2015 and Nain and Lohchab, 2015) . et al.,
16.2% per unit time with diminishing amount of 0.5%, 7.1% per unit time with diminishing amount of 0.1%, 9.4% per unit time with diminishing amount of 0.2% and 17.7% per unit time with diminishing amount of 0.2%, respectively (Table 3) . Whereas, TDS, TSS and chloride are showing decreasing trends with per unit time but acceleration of change is zero. The amounts of decline per unit of time were 3.6%, 1.7% and 5.1% for TDS, TSS and chloride, respectively. The VSS, Na, TH, Ca and VFA were declined with time with increasing acceleration. The VFA has shown highest amount of decline with time but increase in acceleration was lowest.
The quadric model showed that EC, K, Mg, TKN and alkalinity increased with time. The amount of increase was highest in case of TKN (4.9%) with highest diminishing rate of 0.4%. The second highest amount of increase was observed in case of alkalinity. The rate of increase of pH with time was 0.8% though the change of acceleration was zero. Performance evaluation of leachate recirculation system using quadric model Above trends of quadric modeling indicate that the organic and inorganic contaminants of leachate were decreased and pH and alkalinity were increased with time. During leachate recirculation a decrease in contaminants were also reported by Pohland 1992; Filipkowska (2008) ; .
High COD reduction of leachate at optimum pH and VFA alkalinity ratio suggests that the technique can efficiently and effectively be used to treat leachate as well as stabilizes the MSW. Snehlata et.al., 2015 and Nain and Lohchab, 2015 The quadric model showed that COD had highest amount of decline with time but Sodium has lowest. Whereas, VFA has shown highest amount of increase with time but Magnesium has lowest. Quadric model also shows that pH and alkalinity were increased with time during the study period.
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The effects of different operating parameters on COD were studied by cause and effect relationship through regression modeling. Except temperature and EC, all other parameters significantly affected the COD as r values were more than 0.663 and p values (significance F) were close to 0 (Table 4) . The 1% increase of TDS, TSS, VSS, Na, K, TH, Ca, Mg, Cl, SO , TKN, VFA and alkalinity resulted in 281. 4%, 384.5%, 173.9%, 172.7%, 181.6%, 173.0%, 148.9%, 173.0%, 248.9%, 323.5%, 150.7%, 134.0% and 208 .8% increase in COD, respectively. The regression models indicate that the 1% increase in pH resulted in 2190.8% decrease in COD. 
